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THE GEOSCALE COMPUTER MODEL FOR GEOTHERMAL PLANT 
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Bat t e l l  e 
P a c i f i c  Northwest Laboratories 
Richland, Washington 99352 
It is genera l ly  recognized that corrosion and sca l ing  problems could 
se r ious ly  a f f e c t  t he  operation and electric power production from a geo- 
thermal power p l an t .  The E l e c t r i c  Power Research I n s t i t u t e  (EPRI) has 
sponsored a study a t  Battelle-Northwest (BNW) t o  develop a b r ine  chemis- 
t r y  d a t a  base and a n a l y t i c a l  t o o l s  t o  analyze how corrosion and sca l ing  
a f f e c t  t h e  degradation of t h e  power output of a geothermal p l an t .  
The GEOSCALE computer model is a steady-state thermal hydraulics code 
t h a t  descr ibes  the process parameters of t h e  power p lan t .  A t  present 
t h e  mul t i s tage  f l a s h  and.binary cyc le  p l an t s  are being analyzed. In- 
i t i a l l y  t h e  code computes the  power output from a given geothermal 
b r ine  flow and provides flow rates, temperature, v e l o c i t i e s  a t  po in t s  
from t h e  bottom of t h e  production w e l l s  through t h e  p l an t  t o  t h e  waste 
i n j e c t i o n  system. Based on t h e  s t a r t i n g  b r i n e  chemistry and these  pro- 
cess parameters, corrosion and sca l ing  rates w i l l  be estimated a t  po in t s  
throughout t h e  system. The amount of s c a l e  formation’in a time inter-  
val w i l l  be  ca lcu la ted  and the  impact on b r ine  flows and heat t r a n s f e r  
ca lcu la ted ,  r e s u l t i n g  i n  a new set of p lan t  process parameters f o r  t h e  
next i t e r a t i o n .  The i t e r a t i o n s  continue u n t i l  s 
is degraded t o  a process l i m i t  o r  a p l an t  l i f e  of 20 t o  30 years  is  
reached. 
Obviously t h e  most d i f f i c u l t  p a r t  of t h i s  a n a l y s i s  
a n a l y t i c a l  expressions and supporting ra te  da ta  t o  c a l c u l a t e  sca l ing .  
The general  approach to t h e  sca l ing  rate equations is t h a t  the rate of 
buildup is proportional t o  t h e  degree o n s o l u b i l i t y  of a mineral  minus 
t h e  rate of mechanical removal. We are y i n t e r e s t e d  i n  a l l  cur ren t  
sca l ing  work tha t ‘ cou ld  he lp  i n  providing s c a l i n g  k i n e t i c s  da ta  r e l a t e d  
t o  process parameters so w e  can test  t h  a n a l y t i c a l  expressions. Our 
program includes a computer subroutine ca l cu la t ing  mineral insolu- 
b i l i t i e s  as b r i n e s  cool,  a chemical and s t r u c t u r a  n a l y s i s  of several 
a c t u a l  s c a l e  samples and a labora tory  ex rogram t o  examine 
sca l ing  k i n e t i c s .  
por t ion  of t h e  p l an t  
sa t h e  lack of valid 
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SCOPE 
INVESTIGATE BRINE CHEMISTRY AND COMBINED HEATlMASS 
TRANSFER, SCALING KINETICS, AND DEVELOP MODELS TO 
PREDICT GEOTHERMAL PLANT DEGRADATION 
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e ANALYTICAL TOOLS BADLY NEEDED B Y  ENGINEERS DESIGNING PLANTS 
COMPUTER ANALYSIS I S  A STRAIGHT FORWARD EXTENSION OF OUR 
WORK ON GEOCOST 
0 MODEL DEVELOPMENT NOW CAN FOCUS R&D NEEDS 
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0' MAJOR PROBLEM 
LACK OF RATE DATA TO WRITE EQUATIONS TO CALCULATE 
CORROSION AND SCALING 
0 EXPERIMENTAL EMPHASIS SHOULD BE ON OBTAINING SCALING KENETICS 
DATA 
o OTHER GEOTHER L PROGRAMSWILL PR0Vl.DE MUCH NEEDED CORROSION 
RATE DATA AND SCALING DATA 
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I N PUT 
BRINE PROPERTIES 
PLANT PARAMETERS 
CALCULATION POINTS 
THE GEOSCALE MODEL FOR GEOTHERMAL 
PLANT SCALING & CORROSION ANALYSES 
COMPUTE PLANT POWER 
OUTPUT AND STEADY STATE 
T, P,V,F,X etc. AT EACH 
CALCULATI ON PO I NT 
COMPUTE DETAILS AT EACH 
PO I NT - EXAMPLES: 
t OPERATIONS CONDITIONS * HEAT FLUX 
AT, FLOW PROFILE 
GAS DISTRIBUTION 
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EQULI B - GEOTHERM 
USE HELGESON DATA COMPUTE CORROSION 
BASE TO CALCULATE * AND SCALING RATES 
DEGREE OF MINERAL 
PREC I P I TAT I ON 
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COMPUTE EFFECT 
OF CORROSION AND 
SCALING ON PLANT 
PERFORMANCE SO FAR 
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COMPUTE AMOUNT OF SCALE 
AND CORROSION AT EACH 
POINT DURING TIME 
INTERVAL, t u 
d ., .* 
' EQUlLlB - GEOTHERM 
CALCULATE MINERAL SOLUBILITIES AT 0 TO 300 C 
- ?  
I N  PUT 
BRINE COMP. 
GASES 
CALCULATION 
ACCURACY 
I 
I DATA BASE * I I s-*, sei* , CI- READ COMPUTER I N  I TI ALI ZE PARAMETERS 
ITERATION 
CALCULATE 
*GAS PRESSURES INITIAL 
*PH 
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Y I END 
CALCULATE AQUEOUS 
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THE DISSOCIATION CONSTANT OF CARBONIC ACID 
I .  
: . . 
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TEMPERATURE, OC 
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CALING PRQGl?A,M OBJECTsVES 
* TEST VAL1 DITY OF ANALYTICAL EXPRESSIONS 
TEST BRINE PRECI.PITATION VS EQUILIB-GEOTHERM PREDICTIONS 
* DEV ATE CONSTANTS FOR SCALING 
0 ESTABLISH<HOW 2 A N D  3 SIMULTANEOUS DEPOSITION PROCESSES 
ADD TOGETHER 
0 ESTABLISH HOW TOTAL SAL1 N I T Y  EFFECTS RATES 
4 
a EPRI-SCALING TEST FACILITY 
ELECTRIC POWER RESEARCH INSTITUTE 
GEOTHERMAL BRINE CHEMISTRY PROGRAM 
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1 gal STIRRED AUTOCLAVE 
65u !343C1-3mpsi 
GAS 
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ADDITIVES TO BRINETANKS 
MI, KCI, SiOy H2S 
CHLORIDES dF Fa, Mn,Cu,Ag 
CaCOy C02-HCOy 
c 
WHAT DATA IS NEEDED? 
e REVIEW HELGESON DATA BASE FOR ACCURACY - CORRECT AS REQUIRED 
e OBTAIN HIGH TEMPERATURE THERMODYNAMIC DATA FOR DATA BASE 
ESTABLI SH SCALING RATE CONTROL MECHANISMS 
e DEVELOP VAL1 D ANALYTICAL SCALING EQUATIONS 
ESPECIALLY EQUlLl BRIUM CONSTANTS 
N f(T, AC, FLOW EFFECTS, SURFACE EFFECTS) 
0 ESTABLISH HOW MULTICOMPONENT SCALES RELATE TO BRINE CHEMISTRY 
dT h) cn 
0 DEVELOP CORROSION RATE EQUATIONS 
e VERIFY ANALYTICAL EQUATIONS TO DESCRIBE FLOW THROUGH COMPONENTS 
e. g. TURBINES, VALVES, HEAT EXCHANGERS 
e EXTEND BRINE THERMODYNAMIC (STEAM TABLE) DATA TO MULTICOMPONENT 
BRINES AND SUPERHEATED AND COMPRESSED L IQUID REGIONS 
SCALING BEHAVIOR IN PUMPS, TURBI NES, STEAM SEPARATORS AND GAS 
EJECTORS 
, 
